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PACS - Passive Aerosol and Cloud Suite:

In preparation for NASA ACE Mission

« Multi-Angle Imaging Polarimeters for Aircraft and

Space
« UV, Hyperangular VIS, SWIR

* High resolution cameras

* TIR
* VIS-SWIR

* Aircraft in situ validation

* PI-Neph (Polarized Imaging Nephelometer)
* Open-Ineph (Open Path System)



Pl-Neph: Measuring In situ Aerosols P11
and P12 from Aircraft
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Open Imaging Nephelometer in the NASA P3 Aircraft
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Open Imaging Nephelometer in the NASA P3 Aircraft
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PACS Airborne ERZ2 Polarimeter

PACS ER-2 Facts

Current VNIR system

« Ground Resolution = 37m

« Swath = 37km

« 470, 550, 670, 766, 870nm

* 1 K pixel X-track

* 65+ angles for all wavelengths
» 130 view angles for 670nm

* 110° FOV cross track

« +/-55° FOV along track

SWIR Under construction:

» 1650, 1880, 2130, 2250nm

» 320x256 pixels

» Adjustable FOV

* Mounted together with PACS
VNIR
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PACS Observing Geometry:




PACS Observing Geometry:
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These clouds represent
real images of convective
clouds projected through
the front of the PACS
fiight prism




Examples of PACS Data from PODEX
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Hyperangular Capability
Provides Cloudbow from small
area (~2x2km from space)



PACS Wide FOV Lens and Prism
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PACS Calibration Strategy

Intensities are measured in each port from
known Stokes vector inputs

5
]PorfA ‘111 ‘112“113 ‘SOMpur
— Y
[Ponfs BllBIZBIB ? blinpur
B Y =Y
| & Port C _(‘ ( ( 12 | _SZ nput |

A characteristic Matrix is determined to
represent the PACS Optics at different
FOVs

S
\

S 2input

0 input

= [[nv C].

L input

Recovered Dol.P

Malus Red 250L - Along Track Forward 15 deg

3000

2500

e o ®
2000 o Py ® P
®
1500 L4 L ® PORT A
[} ° ] e PORT C
1000 PORT B
] ] ] L]
500 e ] e e
e o e o
0 [ 1] [ T
0 50 100 150 200 250 300 350
1.008
Elus +
Green
1008 | Red o
1.004
e &
1002 + e ot +
L s HE u ] -
1 - ! I.[. ., N - [ [ ]
TN simgm by
L * g gn . =
0998 +
Ay +*
o.oos | u
D":I‘;l‘q- 1 1 1 1 1 1
0 50 100 150 200 250 300 50

Input polarization axis angle



0.001

0.0008

0.0006

0.0004

0.0002

1.00E-03

8.00E-04

6.00E-04

4.00E-04

2.00E-04

0.00E+00

1.00E-03

8.00E-04

6.00E-04

4.00E-04

2.00E-04

0.00E+00

Elements of the PACS Characteristic Matrix as a function of FOV

0 200 400 600 800 1000 -1.00E-03

Term All Term Al2
0.001
0.0008
0.0006
~ o & 5 o o o & 0.0004 D S — -
y = 1E-10x2 - 2E-07x + 0.0005
y = 2E-11x2 - 3E-08x + 0.0004 0-0002 R2 =0.8319
R2=0.4218 o
0 200 400 600 800 1000 0 200 400 600 800 1000
Term B11 Term B12
0
0 200 400 600 800 1000
y = 5E-10x2 - SE-07x + 0.0005 -0.0002
R2=0.9587
W - M
-0.0006
y = -SE-10x2 + SE-07x - 0.0005
0.0008 R2=0.9532
0 200 400 600 800 1000 -0.001
Term C11 Term C12
0.00E+00 o o & —@ oo —
0 200 400 600 200 1000
-2.00E-04
y = 7E-11x? - 9E-08x + S5E-05
R? =0.9072 -4.00E-04
6.00E-04 y = -8E-11x2 + 1E-07x - SE-05
R? =0.9047
-8.00E-04
o ¢ ¢ =2 o o o

0.00E+00

-2.00E-04

-4.00E-04

-6.00E-04

-8.00E-04

-1.00E-03

-0.0002

-0.0004

-0.0006

-0.0008

-0.001

0.001

0.0008

0.0006

0.0004

0.0002

0 200

Term Al13

400

600

Term B13

400

600

800

800

1000

y = -5E-10x? + 6E-07x - 0.0006
R?=0.922

Term C13

e R R

Y = 2E-10%? - 3E-07x + 0.0009

400

R?=0.6577

600

800

1000



HARP CubeSat Mission

HyperAngular Rainbow Polarimeter — Funded by NASA InVEST Program
Planned for 2015

Imaging
arrays

30 cm

HARP Bus



HAIRI

Hyper-Angular Rainbow Polarimeter
In-Space Validation of Earth Science Technologies (InVEST)

The HARP payload is a wide FOV imager that splits
three spatially identical images info three independent
polarizers and detector arrays. This technique achieves 3 -
simultaneous imagery of three polarization states and is

the key innovation to achieve high polarimetric-accuracy with

no moving parts. The spacecraft consists of a 3U Cubesat with
3-axis stabilization designed to keep the imager pointing nadir.
The hyperangular capability is achleved by « acqumng overlopplng
images at very fast speeds.

OBJECTIVES:

» Space validation of new technology requured by the
NASA Decadal Survey Aerosol-Cloud-Ecosystem
(ACE) mission
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Thank you.



